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The invention concerns a new recombinant fibroblast interferon, methods for its 
production and pharmaceutical preparations containing this recombinant human- 
interferon-beta (IFN-beta). 

Naturally occurring interferons are species-specific proteins, mostly glycoproteins, 
produced by various cells after induction by viruses, double-stranded RNA, other 
polynucleotides, antigens or mitogens. The interferons have numerous btologroal 
activities. The most important of these are antiviral, antiproliferative, immuno- 
modulating and anticellular effects. Three types of human interferon are recognrsed 
which are produced in leukocytes, lymphocytes, fibroblasts and within the tmmune 
system. They have been named as alpha-, beta- and gamma-interferons. 

Natura! huntan-IFN-be.a is produced by induced human fibroblast cell cultures and 
isolated ftom tire cell culture supernatant and purified. Proteins or polypeptides wtth- 
human IFN-beta activity can also be produced by the use of the recombinant DNA 
technique in micro-organisms or eukaryouc cell systems, such as mammahan cell 
cultures cf. William E. Stewart H, The Interferon System, 2nd edition, Sprmger 
Verlag, Vienna, New York (1981); EP-A41 313; W. Rerser and H. Hauser, Axmtemn- 
Forsch/Drug Res. 37 (1) No.4 (1987), page 482; McCormic e, ah, Molecular and 

Cellular Biology, Vol. 4, No. 1. page 166 (1984); EP-A-0 388 799; Chernajovshy et 

al, DNA, vol.3, No. 4, page 297 (1984). 

Natural and recombinant interferons have to date been used with varying success in the 
treatment of patients with oncological, viral, and auto-immune diseases. An anti- 
neoplastic response in between 20 and 40% of patients with Kaposi's sarcoma re.a.ed 
to AIDS in its early stages has been achieved with a variety of alpha-interferons. D,s- 
advantages of alpha-interferon, however, are haema.ological intolerance and hepatic 
complications, which place a limit on the size of dose which may be adm.ms.ered 
Another disadvantage of IFN-alpha treatment and concomitant administration of 
zidovudine is that both substances exhibit a high level of haema.ological tortrcty so 
.ha. concomitant administration results in .ntolerable side effects and is therefore ruled 
out (cf. Annals of Internal Medicine, Vol. 112, No 3, 582 (1990) 
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Fibroblast interferon (IFN-beta) has many immunological properties which are 
comparable to those of IFN-alpha. However, IFN-beta is markedly better tolerated 
and presents demonstrably lower haematological toxicity than IFN-alpha in the cases 
studied thus far of kidney cell carcinoma and lymphoid tumours. In studies in vitro, 
IFN-beta inhibits the HIV virus and, with azidothymidine, it displays a synergistic 
antiretro viral activity. 

As resistance to azidothymidine alone develops in long-term administration, it would 
be highly advantageous to have available substances like IFN-beta, which differ in the 
ideal case from azidothymidine in terms of antiretroviral activity, mechanism of action 
and toxicity profile. 

A further disadvantage of the interferons, in particular the recombinant preparations, iar 
their instability. In particular the highly purified interferon preparations for clinical use 
show rapid loss of activity in both liquid and lyophilised forms. For interferons, which 
have been produced by recombinant DNA technology in bacteria, a further 
disadvantage is that interferons produced in this way are virtually insoluble in water. 

In the current state of the art, numerous proposals of ways to surmount these 
disadvantages are known, in which most of these procedures propose the addition of 
various chemical compounds to the interferon preparation, to overcome solubility 
and/or stability problems. 

All such procedures still have the disadvantages, however, in that an additional stage is 
imposed on the production of interferon preparations, that stability remains 
unsatisfactory and that many of the additives are not authorised in medicines, either 
becauseihey possess known toxic effects or because their toxicology has not yet been 
elucidated, precluding their- clinical administration, cf. EP-A 270 799, EP-A 89 245, 
EP-A217 645, EP-A 215 658, WO 89/05158, WO 89/02750, EP-A 82 481, EP-A 80 
879, US-PS 44 83 849 and WO 90/03784. 
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The inventor has new surprisingly found that, with an IFN-beta whose production is 
described hereinafter, not only is an unexpectedly improved anti-tumoral effect 
achievable, but also more stable liquid or solid (lyophilised) preparations can be 
produced than is possible with known state-of-the-art preparations. 

According to the invention, a new recombinant IFN-beta with the characteristics of 
Claim 1, methods for its production and stable pharmaceutical preparations of IFN- 
beta in liquid or lyophiiised/soiid form, are made available, containing high levels of 
highly purified recombinant IFN-beta without any pharmacologically unfavourable 
additives. The IFN-beta according to the invention exhibits a greater degree of anti- 
tumoral activity, in particular in Kaposi's sarcoma, than that of IFN-beta preparations 
of natural or recombinant IFN-beta tested to date. 

According to the invention, the new IFN-beta is produced using the recombinant 
DNA-technique in CHO-cell cultures and by a method consisting of a combination of 
phase distribution-, affinity-, metal chelation- and size exclusion chromatography. 

The recombinant human IFN-beta according to the invention is characterised by: 

(a) a specific glycosylation pattern; 

(b) high volume activity of > 40 x 1 0 6 IU/ml; 

(c) high degree of intrinsic stability; 

(d) a higher degree of clinical activity, in particular greater anti-tumoral activity 

For the production of IFN-beta according to the invention, transduced cells of the 
CHO (Chinese hamster ovary) line with the laboratory number BIC 8622 (construction 
of the animal cell line, c£ European Patent Application no. 0 237 075), in the usual cell 
culture medium (Modified Eagles Medium [MEM]) with Earles salts), supplemented 
with 0 to 5% foetal calf serum (FCS), are brought to confluence in stationary culture. 
The cell multiplication constitutes between 1 x 10 5 and 2 x 10 9 international units (IU) 
per day and per litre culture supernatant. 
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According to the invention the IFN-beta is further enriched by liquid/liquid phase 
extraction, using an aqueous 2-phase system based on polyalkylene glycol/dextran or 
poIyaJkylene glycol/salt. 

Of the polyalkylene glycols, polyethylene glycol and/or polypropylene glycol can be 
used. Of the polyethylene glycols, polyethylene glycols with a MW of 1000 to 6000, 
preferably 1200 to 3000, most preferably 1500 to 2000 can be used. The 
concentration lies in the range of 1 to 30% by weight, preferably 2 to 15% by weight, 
most preferably 3 to 9% by weight. Of the polypropylene glycols, those with an MW 
of 1500 to 4000 can be used. The concentrations correspond to those for the 
polyethylene glycols. As dextran, dextrans with a molecular weight of 15,000 to 
5,000,000, preferably 100,000 to 1,000,000 most preferably between 350,000 and 
550,000 may be used. The concentration lies in the range of 1 to 10 % by weight, 
preferably 2 to 6% by weight and most preferably in the range of 4 to 6% by weight. 

As salts, NaCl, L1C1, NaJ, KJ, -NA 2 S0 4 , NA 2 HP0 4 , K 2 HP0 4 , K 2 30 4 , NaH 2 P0 4 , KCI, 
NHUCI, (NH 4 ). 2 S0 4 , sodium citrate and sodium oxalate alone or in mixtures may be 
used. The concentration of the salt lies in the range of 2 to 30% by weight, preferably 
3 to 20% by weight and most preferably in the range of 4 to 16% by weight. 

The cell culture medium containing the IFN-beta is, together with the ingredients of 
the described aqueous phase system, intensively stirred for 5 to 24h, preferably for 8 to 
16h, most preferably for 10 to 12h at between 4 and 25°C, preferably between 10 and 
20°C and most preferably between 13 and 18°C and, after demixing and separation, 
accumulated in the upper phase containing the polyalkylene glycol. 

Separation of the aqueous phases occurs by gravitation or other separation technique. 

The upper phase containing the polyalkylene glycol contains recombinant IFN-beta at a 
concentration of between 1 x 10 3 and 10 10 /litre. The specific activity is between 5 x 
10 5 and 3 x 10 7 ILVmg protein. The yields reach almost 100%. - 
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For the final affinity chromatography, blue-dextran-Sepharose®, or other suitable 
matrices immobilised with Cibacron® blue such as Matrex Gel Blue A ex Amicon or 
Fraktogel TSK AF-blue ex Merck or Blue-Sepharose® 6FF ex Pharmacia are used. 

The upper phase from the phase system is brought to a concentration of between 0.5 
and 1.0 mol/Iitre with NaCl and added to the affinity column at a flow rate of between 
1 and 5 cno/min. After washing with PBS, pH 7, or PBS containing 1 to 30% by 
weight ethylene glycol and/or 1 to 15% propylene glycol, it is finally eluted with PBS 
containing 10 to 70% by weight ethylene glycol and/or 20 to 50% by weight propylene 
glycol. 

After this step, the recombinant IFN-beta has a concentration of 6 x 10* to 9 x 10 7 
IU/ml eluate and a specific activity of 50 x 10 4 to 140 x 10* IU/mg protein. The yields 
amount to between 70 and 90%. 

For the metal chelation chromatography, various matrices with chemically identical or 
differing ligands are suitable. The metal ions suitable for coordinative binding of 
recombinant IFN-beta can be Cu 2+ , Zn 2+ , Co 2 * or Ni 2+ ions. Desorption can be effected 
using competitive substances such as imidazole, histidine, glycine or NHUCl, chelating 
agents such as EDTA, IDA (iminodiacetic acid), TED (tris-carboxymethylethylene 
diamine) or by lowering the pH value to between pH 2 and pH 4. 

Suitable separating media are immobilised iminodiacetic acid coupled to agarose or to 
Fraktogel TSK HW-65F ex Pierce or Chelating Sepharose® FF ex Pharmacia or 
Cellufine ex Amicon. 

The chromatography medium is added to a suitable chromatography column and 
loaded with the corresponding metal cation by pumping a solution, of this metal ion 
through the column. After equilibration with a suitable buffer, e.g. PBS, containing - 
0.1 to 1.0 mol/litre NaCl, the eluate is added to the column at a flow rate of between 
0.75 to 1.5 cm/min. The column is finally eluted with a gradient of between 0 and 100 
mmol/I imidazole in PBS. Alternatively, a pH gradient of pH 7 to pH2 produced by" 
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ZZ T A (PBS; pH7) and buffer B (0 2 mM «»> «■ - - 

xor eiution. The isocratm — t,^„. « . , T ^ t , 

is also possible. " """ r "~" CI P H vaiue, 

After f* , purifi tion step , he recombjnant ^ . presM ^ a 

Ween 0 x ,0' and 300 x ,0« ru /mI eIuate and the specific lctivity , I50 x ,„« 
JU/mg to 220 x 10 protein. The yields are between 60 and 90%, 

For * i excfcsjM chromatography variQus Mpara(ing ^ ^ ^ 

a fracfonarion range between about .000 and about 600 000 Dahons For 
examp.e Sephadex® OI5 0, Superfine G1 50, ' Sephacry,® S-200 H, g h ResoIution , 
Superose® ,2 prep grade ex Pharmacia or TSK-SW 3000 ex Toyo Soda may be nsed. 

The chromatography medium is added ,0 a snitahie chromatography column and after 

« m^ Nad are nsed. The ehtate front the meta, chromatography is added a, a flow 
«e of 0.5 «o 0 8 cm/min. The chromatography ensues with PBS as the tnobiie buffer 
containing Oto 0.5 mol/1 NaCI. 

After this purification step the recombinant ZPN-beta is present a. a concentration of 

IT Z T 50 X ^ *" ^ - * <»* «** of between 200 
X10 and 300 xlO«IU protein. The yieids obtained are between 60 and 80%. 



The material obtained can finally be further processed or stored at -20°C. 
All purification steps are carried out at a temperature of 4 to 15°C. 

The expert opinion a, the time of publication has been that glycosylated and non 
mterferon-be* were e^en, (of M. Hawhins et a, , Cancer Research 
45 (1985) p 5914-5920). 



The inventor has found, however, ttat jj^, pr0(juced 
I. waa found that the recombman( IFN . bea accordj 

Ptopomon of biantenna! obgosaccharide stores of a, ,„ w ^ f , 
75°/ rt a fi.w-u 0 and Preferably 

, , & — *" <* «- im-bera is a proportion of 

-namenna, stractures , possibJy ^ „ ^ ^ P ~ of 

. *. Proportion of t_ stores „ at , east 20% ^ ^ , " ^ 

consent XKH.oa, according to the invent , s0 Mntaios . ^ * ^ 
5/, preferably 0.5 to 3%, tetraantennal oiigosaccharide structures. 

The recombinant ZPN-beta according to , he invention presents, in its totil 
^acchande tnoiety, a siahc acid ,ev., of a, ieas. *,/, The sialic ' acM ffl 
-posed of between S o and J00% N -acetyh_ c acid and 0 to 2 k 
glycolylneuraminic acid. 

The IFN-beta according to the invention also contains We Although the fi 
prererably 90% and most preferably >95%. 

irr sugar radicais correspond to the ~ p~ * ^ 

HO ceils " ^ fr0m fibr0bi ^ —* ™ * - *~ 

CHO cells or other production methods (Chernjovslcy et a,., DNA 3 (1984) 297-308- 

Conradt et al., J. Biol. Chem., 262 (1987) 14600 14605. jr 

263 (1988) 17508 1 7515- T Jt ■ , ^ rt al - X Bio1 - Ctem. 

I A 17508 17515, Tjtsum, et ai., Eur. J. Biochem. 181 (1989) 545-553- EP 

A-0 388 799) the tfv w ,• v ; ' ^'^a -EP- 

- " X "* IFN - b «» "ccordrng to the invention possesses a high degree of 
antennaltty together witb a high degree of sialasation. 

1 11! d ^ deSCnted lb °™ "* - ^ and 

usual vehicles and excipients. 
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High dosage p re „ raior , ^ foim pa „ rf ^ ft fc 

mvennon, ,.e. preparations conraining between about 18 x 10< and about 50 x ,0« IU 
preferably about 20 x I0«,o about 40 x 10« and especia„ y preferably about 25 x 10* tj 
30 x 10 6 IUIFN-beta. 

Vehicles which may be used include, for example, an , q ueous buffer so.ut.on in wh.ch 
«he pR value of the solvent is of a physiologically acceptable, preferably neutrai, range 
i.e. in a range from about 4 to about 8. 

I. is no. neeessary ,o use P H vahres < 4 or > S to dissolve the active substance 
Ltkew.se there is no need for the addition of solubuising substances such as SDS or 
other detergents. 

Fifes are merely required, preferably a serum protein such as HSA (hun.au serum 
albumin) or other known fillers such as P VP. 

The pharmaceutical preparations according ,o ,he .nvention can be used for the 
treatment „f amours, vira, diseases, immunopath.es or inflammations including 
rheumatic disorders, allergies, psoriasis, Crohn's disease and degenerative disease of 
the nervous system, e g, multiple sclerosis. 

The required amount of the recombinant JFN-beta (referred to below as the active 

substance) ,„ be used in pharmaceutical products for the desired therapeutic effect 

depends upon the mode of admimstration and upon the patient as well as upon the 

dtseaae .nvolved. A suitable dose of the active substance for administration to the 

human is between about 0.1 x 10 s and inn v in 6 ht tl 

IU0 x 10 IU. The most advantageous dose for 

local application is about 0.1 x 10 6 to about f, v in 6 rn r 

• 4 , " ° aDoyt 6x10 Iu > systemic treatment about 1 

to 30 x 10 IU per day, possibly several times a day. 

AJthough it is basica!Iy p5ssibJe tQ admin . ^ substaRce aio ^ _ _ s 

recommended that the active substance should be administered in the form of a 
Pharmaceutical formulation, containmg the active substance in a pharmaceutical* ' 
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Present at arat f " ^ ^ ^"^ «*" is 

present atarate of aboutO.l x lo'to 10 x 10* IU/g of preparation. 

The pharmaceutical preparations according to the invention r ♦ ■ u 
substance in ™ u- ■ invention contain the active 

aub <an e m eomb.nadon with . phatntaceuticaUy accept vehrcie and possibiy 

2 «■ ' SUbS,1MeS ' Vehi * "» °= ™* ^ «- sense t L 

z; !r th ; o,her — *■ *■ — - - - * » . ;;: 

ettects ,n the patient receiving the formulation. 

- ~ timS *" — - ~= * ^ ^ of an ophthalmological 
^cutaneous, .ntraeutaneous, intrantuscuiar, intravenous, intratheca, to-artlar' 
— » orator* toIesiona „ perilesiona! Qr ^ ^ 

Tha formulations according to the invantion aan ba produoad by all of ,h. V 

~ in the fi e,d 0f pb„ techno.ogy. HaI nMy 

stap of cotnbtnrng the active sobstanaa tvith the vehiCe and, if retired with J 

™» addrttona, ingredients, m ganara, tba fortnuiadons are produced, y ft J anl 
•horougb mixing of lhe ac(ive substmM ^ a ^ vehjc|e J ~ 

uiirrr T ins to ^ - te ~ * *» 

whereby every form contains a specie amount of the active substance They 

fit;, ; rr d m the fom ° f a p °™ der ■"■ - f °™ * ~ - - * 

^ ° f M ° iHn -™'- ™»- or water-in-cil entuision. .The ale 

* fte formulations according to the tnvention are designed for parentera, 

; d ~"' th£y USUa " y «* * ~io„ of 1 , H 

ubstance, preferabiy iconic with the pat.ent, biood. The formulations accord," : 
*• .nventton for parentera, administration can aiso he prepared in the form of 
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:it;i:;:::^; s - • - - — , F , F , cd 

- mjBcuona immediately prior to use. 

Preparations according tn th- ■ 

«- of .he ac«ve substance ™ * " **** *— for adnata- 



- *» of aqueous cy ^z - for ; p i0 „ be prepared u 

yodrops, eg. ,o , he form of , „ , , Q% 
b addW0n t0 «"= ingredients already described «, f , 

^Ple, diiueots, buffers, bin(fers ^ " d ^—Ponents such as, for 

preservadves, atttiotadants L ' ^ 

ox.da.tts, emulstfiera artd other such substances. 

The method according to * 

informs to the ahove-mertionad , dehydrate compos.tion which 

— *> ieads ,o a h^ ^ ^ ^ "«» " - The 
Per voiutne-of 12 to 50 , , 0 « Z ' ^ ^ "* ^ ^' 

fororuiadon " ^ ^ - ~* for a 
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Tta htghiy concentrated recombi „ ant IFN ^ pKscms ^ ^ iFN _^^ 
wt.h . iower ,eve, of activity pet voiutna, a signify heightened iMrins , c 
a, good stabiiity is achieved ,„ buffered saiine at neutrai P H without th e addition of 
«**•« of the kind required in state-of the an technique. 

The preparations accordtng to the invention exhibit a specific activity of a, .east 

The punty of the IFN-beta used corresponds to a. ieas, > 98% , preferabIy > 



^specific activity is detetmined hy contpartaon of ita antivira, activity with that of an 
preference standard. The protein „,,o„ is debated by the standard 
method according to Lowry. 

The fo„owi„g espies se„e to iiiustrate the invention, wthout however hunting its 



12 



Example 1 



The production of recombinant IFN-beta 

For the construction of a cell culture pyramid with CHO BIC 8622 cells, starting with 
an ampoule, the cells are transferred step W1 se into larger products vessels and 
multiplied up to an appropriate scale for recombinant IFN-beta production. For the 
construction of the production pyramid, Roux bottles, double reservoirs, reservoir 
units and battery reservoir units are used. The harvesting phase takes place in the 
battery reservoir unit. The medium consists of MEM alpha minus, L-glutamine (2mM) 
and gentamycin (50 ug/1). To achieve higher yields, 1% to 5% foetal calf serum may 
be added. Harvesting of 80 1 conditioned medium with I x 10 5 to 1 x 10 s IU/1 
recombinant IFN-beta takes place very 24 hours. 

The recombinant IFN-beta presents at this stage a specific activity of 1.0 x 10* IU/mg 
protein. 

For phase distribution 80 1 conditioned medium are mixed with 80 1 of a mixture 
containing 60 1 double-distilled water, 8000 g NaH 2 P0 4 x 2H 2 0, 30 000 g K 2 HP0 4 , 
13000 g NaCl, 9000 g polyethylene glycol PEG 2000, in a stainless steel kettle,' 
whereby the mixing temperature is 15°C. After a separation time of 12 hours, the 
lower phase is disposed of and the supernatant, ca 20. 1, retained for further 
purification. The yield of recombinant IFN-beta amounts almost to 100%. 

At this stage, the recombinant IFN-beta displays a specific activity of 3 x 10 6 IU/mg 
protein. 

The ensuing chromatographic purification stages can be carried out at 15°C on the 
basis of the high intrinsic stability of the recombinant IFN-beta. 

The chromatographic purification method begins with affinity chromatography using - 
Blue Sepharose FF (Pharmacia). For this, 0.5 I Blue Sepharose FF is packed into a 10- 
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cm diameter chromatography column and equilibrated with 1.5 I PBS. The gel bed 
height is ca. 6 cm. The supernatant, 20 1, is diluted 1:1 with PBS containing 1 mol/I 
NaCl and is pumped through the column at a flow rate of 3 cm/min. Under these 
conditions, IFN-beta is 95% bound. 

There follows a wash with 2.0 1 PBS containing 1 mol/1 NaCl. Finally elution with a 
gradient of 1.0 1 PBS and 1,0 1 PBS containing 30% w/w propylene glycol and 10% 
w/e ethylene glycol is performed. The flow rate of the wash and elution is 4 cm/min. 
In the wash ca, 10% to 15% of interferon activity, in the elution ca. 80% of interferon 
activity are obtained. The recombinant IFN-beta at this stage has a specific activity of 
130 x 10* IU/mg protein. The next step is metal chelation chromatography. 

For this, a chromatography column of 8 cm. diameter is packed with 0.25 1 chelating. 
Sepharose (Pharmacia). The gel bed height is ca. 4 cm. The column is loaded with 1.0 
1 ZnCl 2 20 mmol/1 solution and finally equilibrated with 3.0 1 double distilled water and 
3.0 I PBS containing 1 mol/1 NaCl. The flow rate amounts to 1.5 cm/min. 

The affinity chromatography eluate is diluted 1:2 with PBS and pumped through the 
column at a flow rate of 1.5 cm/min. IFN-beta is ca. 100% bound under these 
conditions. There follows a wash with 1.0 1 PBS containing 1 ml/1 NaCl and finally 
elution is carried out with a gradient of 0.5 1 PBS containing 1 mol/1 NaCl and 0.5 1 
PBS containing 1 mol/1 NaCl together with 0.1 mol/1 imidazole. In the wash ca. 15% 
to 20% of the interferon activity, in the elution ca. 70% of interferon activity are 
obtained. The recombinant IFN-beta presents at this stage a specific activity of 195 x 
10 6 IU/mg protein. 

The next stage is size exclusion chromatography (SEC). For this a chromatography 
column of 6 cm diameter is packed with 3_.0 1 Sephacryl© S-200 (Pharmacia). The gel 
bed height is ca. 90 cm. The column is equilibrated with 6.0 1 PBS containing 0.1 mol/1 
NaCl. The flow rate is 0.5 cm/min. The application to the SEC column amounts to 
ca. 0.2 1 of the eluate from the metal chelation column. The flow rate is 0.8 cm/min. 
The chromatography is performed with 3.0 1 PBS containing 0.1 mol/l^NaCl, with a 
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flow rate of 0.9 cm/min. In elution ca. 70% of the interferon activity is obtained. The 
recombinant IFN-beta has a specific activity of 220 x 10 6 IU/mg and a protein purity, 
determined by SDS-PAGE electrophoresis and silver staining, of > 99%. 

The eluate of the size exclusion chromatography is assayed for identity (primary 
sequence, carbohydrate structures) and activity (biological assay, ELISA) and finally 
placed in formulation. 

Example 2 

Formulation of the recombinant IFN-beta 

For formulation, the eluate from size exclusion chromatography, ca. 0.8 1 with an 
interferon activity of 40 x 10* lU/ml and a protein content of 0.18 mg/ml is diluted 
with PBS to the desired activity per volume of, e.g., 30 x 10 6 IU/ral and mixed with 10 
mg/ml human serum albumin as filler. This solution is sterile filtered through a 0.22 
Jim filter. From this formulation, 1 ml aliquots are added to DIN R2 vials and deep 
frozen at -50°C and finally lyophilised. The sealed, deep-frozen vials are stored at 
15°C 

Example 3 

Example 3 demonstrates the stability of preparations of various compositions con- 
taining recombinant IFN-beta from CHO cells with a purity of >99% in liquid 
formulation without stabilising additives. 

Dissolved recombinant IFN-beta with 10 8 IU/ml and a protein content of 0.4 mg/ml is 
dialysed using the described buffer and finally diluted with the corresponding buffer to 
the required activity per volume. 

The solution is then sterile filtered through a- 0.22 p.m filter Finally 1 ml aliquots of 
this formulation are added to sterilised glass vials DIN 3 R (3 ml volume) and sealed 
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with a stopper Of each formulation a suitable number of viais is produced so that for 
each stability test a new sample is available. 



Table 1 



Formulation I: 0.2 MNaCl 

0.05 M imidazole buffer pH = 7.5 
70 x 10 6 IU/ml recombinant IFN-beta 



Formulation II: 



0.2 MNaCl 

0. 1 M sodium phosphate buffer pH = 7.5 
30 x 10 6 IU/ml recombinant IFN-beta 



Formulation HI: 



0.1 MNaCl 

0.05 M sodium phosphate buffer pH = 7.5 
30 x 10 s IU/ml recombinant IFN-beta 



No. of weeks' Storage temp, 
storage °q 



1 
4 
50 



-20 
-20 
-20 



100 
100 
100 



Formulation 
II 

Yield % 



100 
100 
100 



in 



100 
100 
100 



1 

4 



+15 
+ 15 



97 
93 



100 
97 



98 
99 



1 

4 



+25 
+25 



92 
90 



95 
95 



98 
97 



Table I shows that the high stability of the preparations according to the invention does 
not depend on the composition of the buffer. 
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Example 4 

Example 4 demonstrates the stability of the preparations of vanous compositions 
contammg recombinant IP^-beta from CHO cells with a purity of >99% in lyophilised 
form with human serum albumin as the filler. No stabilising additive was used. 

Dissolved recombinant IFN-beta with an activity of 1.5 x 10 s lU/ml and a protein 
content of 0.5 mg/ml are dialysed using the buffer mentioned without HSA and finally 
diluted to the desired activity per volume with the corresponding buffer with HSA. 

The solution is then sterile filtered through a 0.22 m filter and 1 ml allots added to 
sterilised glass vials DIN 3 R (3 ml volume) and lyophilised. 

Of each formulation a suitable number of vials is produced so that for each stability test 
a new sample is available. After completion of the challenge test, the contents of one 
vial are added to 1 ml water for injections and the residual active substance determined 
by bioassay. 



Table 2 



Formulation A: 



0.2 MNaCI 

0.05 M imidazole buffer pH = 7.5 
70 x 10 6 IU/ml recombinant IFN-beta 
1 8 mg/ml human serum albumin 



Formulation B: 



0.2 MNaCI 

0.1 M sodium phosphate buffer pH = 7. 5 
3 x 10 5 IU/ml recombinant IFN-beta 
" J mg/ml human serum albumin 



Formulation C: 



0.2 MNaCI 
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0. 1 M sodium phosphate buffer pH = 7.5 
6 x 10 6 ru/ml recombinant IFN-beta 
1 8 mg/ml human serum albumin 



Formulation D: 



0.1 MNaCl 

0.05 M sodium phosphate buffer pH = 7.5 
30 xlO 6 nj/ml recombinant IFN-beta 
30 mg/ml human serum albumin 



No. of weeks' Storage temp, 
storage °c 



Formulation 



B 



Yield % 



D 



1 
4 
36 



-20 
-20 
-20 



100 
100 
100 



100 
100 
100 



100 
100 
100 



100 
100 
100 



1 

30 



+15 
+15 



97 
93 



100 
95 



95 
96 



100 
97 



1 

30 



+25 
+25 



92 
90 



95 
93 



96 

96 



100 
93 



1 

10 
25 



+37 
+37 
+37 



100 
90 
85 



100 
90 
80 



98 
92 
89 



100 
90 
85 



1 
5 

10 



+51 
+51 
+51 



100 
95 
90 



100 
96 
90 



98 
90 
88 



95 
93 
88 
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The r«u te of Table 2 show tha , , he formu|atjons accordmg ^ 

recombinant IFN-beta enable a * a hU <w *, • • . 

" in physiological buffer at 

neutra, pH without taher add.tives for Nation. The serum a,bumi„ serves as a 
filler for the .yophi.ised protein> as , he ^ ^ rf ^ ^ ^ ^ 
200 fjg. 

The results also show that the formations are a,so very stab.e in Iy ophi„sed form 
The advantage of this stable formation of the active substance has in its ,ong shah"-' 
-A The storage temperature of + 4 to + 25°C is to be seen as a taher advantage in 
«ha, a ohain of odd storage units , aa is nornraj with interferon preparations is 
superfluous. 



Examp le 5 



Thts exanrpie shows the stabihty of preparations of different compositions containing 
recombinant ZFN-beta from CHO cells with a purity of >9P % in lyophiBsed form and 
w„h human serum a.bumi„ as fiUer after ^constitution in I nj water for injections. 

Dissolved recombinant IFN-beta with an activity of ,.5 * 10' lu/ml and a protein 
content of 0.6 mg/ml is dialed using tine buffer mentioned without HSA and finallv 
dduted w.th the corresponding buffer with HSA ,o the re qU ned activity per voiume. ' 

The solution is then s.ertle filtered through a 0.22 pm fflter and 1 m, allots added to 
stenhsed glass viaJs DIN 3 R (3 ml volume), stoppered and lyophilised. 

Of each formulation a suitable number of vials is produced so that for each stability test 
a new sampie is available. After a storage period of 4 weeks a, + 4°C the lyophilisate is 
dtssolved ,„ 1 ml water for injects. Thts solution is then used for stability testing 

Table 3 

Formulation A: 0.2 MNaCi 

0.05 M imidazole buffer pH = 7.5 



19 



7 x 1 0 15 IU/ml recombinant IFN-beta 
1 8 mg/ml human serum albumin 



Formulation B : 



0.2 M NaCl 

°- 1 M sodium phosphate buffer pH = 7.5 
3 x 10 6 IU/mi recombinant IFN-beta 
9 mg/ml human serum albumin 



Formulation C: 



0.2 MNaCI 

0.1 M sodium phosphate buffer pH = 7.5 
6 x 10 5 IU/ml recombinant IFN-beta 
18 mg/ml human serum albumin 



Formulation D: 



0. 1 M NaCl 

0.05 M sodium phosphate buffer pH = 7.5 
30 x 10 6 IU/ml recombinant IFN-beta 
30 mg/ml human serum albumin 



No. of weeks' Storage temp, 
storage °q 



Formulation 
B C 
Yield % 



1 

30 



+15 
+15 



97 
93 



100 

95 



95 
96 



1 

14 



+25 
+25 



92 
90 



95 
93 



96 
96 



1 

15 
30 



+37 
+37 
+37 



100 
90 
85 



100 
90 
80 



98 

92 
89 



+51 



90 



95 



95 
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The high stability of the preparations according to the invention are, as Table 3 shows, 
not influenced by the composition of the buffer. This shows that the preparations 
according to the invention are very stable after lyophilisation and reconstitution. The 
advantage of this stable formulation of the active substance is demonstrated 
advantageously above all in the case of infusions over a long period at room 
temperature. 

Example 6 

This example shows the decreased stability of preparations containing recombinant 
IFN-beta from CHO cells with a purity of >99% after treatment with sialidase. This 
enzyme causes defined sialic acid present to be degraded enzymatically. 

1 mg recombinant IFN-beta with a purity of >99% in a 0.05 mol/1 sodium acetate 
buffer solution, pH = 5.5, is mixed with 0.02 mg neuraminidase (sialidase) ex 
Boehringer Mannheim and incubated at 25°C for 6 hours. The sialic acid liberated is 
determined by anion exchange chromatography. With a remaining sialic acid content 
of ca 60 to 70% ultrafiltration with an exclusion limit of 30 000 Daltons is performed. 
The neuraminidase is retained in the concentrate, while the recombinant IFN-beta is 
present in the permeate. After dialysis using formulation buffers II and HI, the stability 
is determined as described in Example 1. 

Table 4 

Formulation II: 0.2 MNaCl 

0. 1 M sodium phosphate buffer pH = 7.5 
30 x 10 5 IU/ml recombinant IFN-beta 

Formulation HI: 0.2 MNaCl 

0. 1 M sodium phosphate buffer pH = 7.5 
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No of weeks' StoT^T^ 
storage o C 



30 x 10 s JU/mJ recombinant IFN-beta 



■Formulation 



II 



III 



Yield % 



1 

30 



+15 
+15 



80 
35 



35 
42 




stability of recombinant IFN-beta. 



Tee of siaiisation and the 



:r: :r ,be r ^ — * — — - 

uure and the recombinant rFN-befa a< -^ j- 
Produced in QUO celi cultures wa< , ^ t0 the in ^n 

^uimres was assayed. Unie^ n th fl • 
toermining the carbohydrate / J* ° ,Ik ™« «** ft. m «nod of 

vo, 262 , no , 0 , ^ * *- - 

recombinant IFN beta from CHO , n , / Pnmaiy structu res of the 

CHO «„ s according, ^ ^ "* ™- 

' reCOmb '" a,iM -cording to the iaventlon 



22 



The recombinant IFN-beta produced as described here is surprisingly markedly 
effective clinically than natural IFN-beta, as the following examples show. 



more 



Example 7 



Clinical testing 



Patient: 



male, 47 years of age, homosexual 



Disorder 



AIDS, classification CDC IV/WR 5 
Kaposi's sarcoma of the entire integument 



Treatment: 3 x 10 6 IU IFN-beta according to the invention referred to above, 

subcutaneously 3 x per week for 5 weeks plus zidovudine 1000 
mg/d 



Result: 



Reduction of the Kaposi's sarcoma in size and number 



Treatment 



3 x 10 6 IU IFN-beta according to the invention referred to above, 
subcutaneously 3 x per week for 6 weeks plus zidovudine 500 mg/d 



Result- 



Enlargement of the Kaposi's sarcoma 



Treatment: 



3 x 10 6 IU IFN-beta according to the invention referred to above, 
subcutaneously 3 x per week continuously plus zidovudine 500 
mg/d for approx. 6 weeks 



Result: 



Diminution of the Kaposi's sarcoma in size and number. 
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Example 8 



Clinical testing 



Patient; 



male, 43 years of age, homosexual 



Disorder 



AIDS, classification CDC IVAVR 5 

Kaposi's sarcoma of the entire integument with involvement of the 
oral mucosa 



Treatment: 



3 x 10 6 IU IFN-beta according to the invention referred to above, 
subcutaneously 3 x per week for 9 weeks plus zidovudine 500 mg/d 



Result: 



Diminution of the Kaposi's sarcoma in size and number 



Treatment 



3 x 10 6 IU highly purified natural IFN-beta subcutaneously 3 x per 
week for 6 weeks plus zidovudine 500 mg/d 



Result: 



Onset of new Kaposi's sarcoma 



Treatment: 3 x 10 6 IU IFN-beta according to the invention referred to above, 

subcutaneously 3 x per week continuously plus zidovudine 500 
mg/d for ca. 6 weeks 



Result: 



Diminution of the Kaposi's sarcoma in size and number. 
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Claims 

1. Recombinant human-IFN-beta from CHO-cell cultures, characterised in that it 
contains a proportion of diantennal oligosaccharide structures amounting to at least 
70%, triantennal oligosaccharide structures amounting to at least 20% and tetraantennal 
oligosaccharide structures amounting to between 0 and 5% and a sialic acid content of 
at least 90%. 

2. Recombinant human IFN-beta according to Claim 1, characterised in that the 
proportion of diantennal oligosaccharide structures amounts to at least 75%. 

3. Recombinant human IFN-beta according to Claim 1 or 2, characterised in that 
the proportion of triantennal oligosaccharide amounts to at least 25%. 

4. Recombinant human-IFN-beta according to Claims 1 to 3, characterised in that 
the triantennal structures may comprise at least one N-acetyUactosamine repeat 

5. Recombinant human-IFN-beta according to Claims 1 to 4, characterised in that 
the triantennal structure is linked at positions l->4 and/or l->6. 

6. Recombinant human-IFN-beta according to Claims 1 to 5, characterised in that 
the proportion of tetraantennal oligosaccharide structures amounts to 0.5 to 3%. 

7. Recombinant human-IFN-beta according to one of Claims 1 to 6, characterised 
in that the sialic acid content, is composed of N-acetylneuraminic acid and N- 
glycolylneuraminic acid. 

8. Recombinant human-IFN-beta according to Claim 7, characterised in that the 
proportion of N-acetylneuraminic acid present is between 90 and 100% and the 
proportion of N-glycolylneuraminic" acid amounts to 0 to 10%. 
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9. Recombinant human-IFN-beta according to Claims 1 to 8, characterised in that 
the recombinant IFN-beta also contains fucose at a rate of at least 85%, preferably 
90% and most preferably > 95%. 

10. Recombinant human-IFN-beta according to Claims 1 to 9, characterised in that 
at least one oligosaccharide structure corresponds to one of the following formulae: 



Gal51-4GlcKAcSI-2Manal 

3 

HanBL-4GlcNAcBl-4GLcNAc 

5 _ g i uc 
GalBl-4GlcNAcfll-2Kanal. ax craC 



GalBl-4GlcNAc61-2Manal 

HeuAca2-3 " ' ' 3 Han B l-4Gl=N A cBl-4GlcHAc 

" , 6 al-SFuc 

. GalBl-v4GlcNAcBl-2Kana.L 



( GalBl-4GlcNAci-3 ) x 
Galfll-4C-lcNAcB_l-4 
GalBl-4GlcNAc6i-2HancI 

, 5 cl-6Fuc 
Galfll-4GlcNAcB^-2Hanal 



GalBl-4Gl cNAcS I - 2«anai 
(NeuAca2-3 ) 2 J HanBl-4GlcNAc61-4GIc^c 

6 ! 

GalBl-4GlcNAc51-2Hanal cl-6Fuc 



GalSl-4GlcNAcSl-2Manal 

3 

HanBl-4GlcNAcBl-4GlcNAc 
6 . | 

GalSl-4GlcNAc5I-2Hancrl tfl-6Fuc 

GalBl-4GlcNAcBl-6 ' 



GalBl-4GlcNAc31-4 
GalSl-4GlcKAcSl-2Hanal 

3 

HanBl-4GlcKAcSl-4GlcNAc 

5 I 
GalBl-4GlcNAcSl-2HancI . al-6Fi:c 



GalBl-4GlcNAc8l-2Manal 

3 

NeuAcas2-3 HanBl-4GlcNAcBl-4GlcNAc 

6 | 
GalBl-4GlcNAcBl-2Manal al-6Fuc 

GalBl-4GlcNAcBl-6 ' 



. GalBi-4GlcNAcBl-4 
GaLB I— 4GlcNAcBl-2Kanal 

NeuAcc2-3 ~Hanfll-4GIcNAcSl-4GlcNAc 

6 ' I 
GalBl-4GlcNAcBl-2Hancl al-6Fuc 



GaiBl-4GlcNAc6l-2Har.al 

3 

(NeuAca2-3 ) 2 KanBl-4GlcNAc6L-4GlcNAc 

^ i 
Galfll-4GlcNAcBl-2Hanal al-6Fuc 

i 

Gal3i-4GlcKAcSl-6 



._ GalBl-4GIcNAcSl-4 

i 

-GalBl-4GlcNAcBl-2Kanc2l 

3 

(NeuAca2-3 ) 2 HanBl-4GlcNAcBl-4GlcNAc 

6 ' 1 

GalBl-4GlcNAcfil-2HancrI ' cl~6Fuc 



GalBl-4GlcNAcBl-2Hanal 

: 3 

(NeuAca2-3 ) 3 Kan31-4GlcNAcSl-4GlcNAc 

6 ! 

. GalBl-4GlcHAcBl-2Hanal al-SFuc 

' I 

GalBl-4GlcNAcBl-6 



GaIBl-4GlcNAcfil-4 

i 

GalBl-4GlcNAcSl-2Mana:l 

~ 3 

( KeuAca2-3 ) 3 Hanfll-4GlcNAc51-4GlcNAc 
GalBl-4GlcNAcBl-2Manal cl-6?uc — 



( GalBl-4Glch'Acl-3 ) 1 
GalBl-4GlcNAc31-2Mancl 

3 

( NeuAca2-3 ) 3 KanBl-4GlcNAcSl-4GlcNAc 

e 1 

Gal61-4GlcNAcBl-2Manal . crl-SFuc 

' " I ■ 
GalSl-4GlcNAcSl"-6 
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in which NeuAc represents N-glycolylneuraminic acid 

1 1 . Recombinant human-IFN-beta according to Claims 1 to 1 0, characterised in that 
it has a specific activity of at least 200 x 10 6 IU/mg. 

12. Method for the production of recombinant human-IFN-beta according to Claims 
1 to 1 1, characterised in that an aqueous solution of human-IFN-beta in an impure state 
is obtained by liquid/liquid phase extraction, then colour affinity chromatography 
performed, and finally metal chelation chromatography, followed by size-exclusion 
chromatography, in which the chromatographic stages are carried out in this order. 

13. Method according to Claim 12, characterised in that the liquid/liquid phase 
extraction is carried out with an aqueous two-phase system based on 
polyalkyleneglycol/dextran or polyalkyleneglycol/salt. 

14. Method according to Claim 13, characterised in that the polyalkyleneglycol used 
is polyethyleneglycol with a molecular weight of 1 000 to 6 000 or 
polypropyleneglycol with a molecular weight of 1 500 to 4 000. 

1 5. Method according to Claim 13, characterised in that the salt used is NaCl, LiCl, 
Nal, KI, NA 2 S0 4 , NA 2 HP0 4 , K 2 HP0 4 ,.K 2 S0 4 . NaH 2 P0 4 , KC1, NH 4 C1, (NH^SO,, 
sodium citrate or sodium oxalate. 

1 6. Method according to Claim 13, characterised in that the dyestuff used in affinity 
chromatography is Cibacron blue F 3 GA. 

17. Method according to Claim 11, characterised in that the ions used in metal 
chelation chromatography are Cu 2+ , Zn 2+ , Co 2+ or Ni 2+ . 

18. Method according to Claim 12, characterised in that, for the size exclusion 
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chromatography, separation media are used which have a separation range of 1 000 to 
600 000 daltons, preferably Sephadex® G150, Sephadex® G150 superfine, Sephacryl® 
S-200 High Resolution, Superose 12 prep grade or TSK-SW 3000. 

19. Method according to Claims 13 and 16, characterised in that the elution in 
affinity chromatography is carried out using PBS containing 10 to 70% by weight of 
ethylene glycol and/or 20 to 50% by weight of propylene glycol. 

20. Method according to Claims 13 and 17, characterised in that the elution in metal 
chelation chromatography is carried out using a competitive substance such as 
imidazole, histidine, glycine or NH 4 C1 or a pH gradient of around pH 7 to around pH2 
or by means of isocratic elution with descending pH. 

21. Method according to Claims 13 and 18, characterised in that the elution in size 
exclusion chromatography is carried out with PBS containing 0 to 0.5 mol/1 NaCl. 

22. Pharmaceutical preparation containing recombinant human-IFN-beta according 
to Claims 1 to 13, in a compound formulated with the usual vehicles and excipients. 

23. Pharmaceutical preparation according to Claim 22, characterised in that it 
contains at least 25 x 10 6 IU/ml IFN-beta. 

24. Pharmaceutical formulation according to Claim 22 or 23, characterised in that 
it is available in forms appropriate for topical or parenteral administration. 

25. Pharmaceutical formulation according to Claim 23 characterised in that it is 
available in the form of a gel, emulsion or ointment. - 

26. Pharmaceutical preparation according to Claim 23, characterised in that it is 
available in the form of a lyophilisate, solution or infusion. 
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